Fiberoptic bronchoscopy was used to obtain cytologic specimens from all lung lobes of 9 normal Beagle dogs. Three specimen collection techniques (bronchial lavage, bronchial brushing and bronchial pinch biopsy imprints) and two staining procedures (Wright-Giemsa and Papanicolaou) were used and evaluated. Bronchial lavage was the most satisfactory technique for collection of samples from the deep lung and bronchial brushings were preferred for potential bronchial tree mural lesions. Wright-Giernsa was the stain of choice because mast cells could not be identified and eosinophilic leukocytes could be identified only with difficulty in Papanicolaou stained specimens. Total and differential cell counts were determined on all bronchial lavages from all lung lobes in order to establish baseline reference values. Total nucleated cell counts ranged from 260-1200/JLl. There were no significant differences among mean total nucleated cell counts for the different lung lobes. Mean total nucleated cell counts were between 420 and 630 cells/st. Approximately 95% of all nucleated cells in normal lavages were undifferentiated alveolar macrophages. Most of the other cells seen were neutrophils, eosinophils, possible globule leukocytes and mast cells. Ciliated and nonciliated epithelial cells comprised less than I% of the total nucleated cell population.
Cytologic evaluation of tracheobronchial secretions of man was first described in the mid-19th century [6] . The technique gained acceptance as a diagnostic procedure in 1887 when cytologic evaluation of sputum led to a diagnosis of pulmonary neoplasms several months prior to death [12] . Nevertheless, little progress was made until techniques for wet-fixation of respiratory tract secretions were perfected in the mid-1930's [9] . A comprehensive review of pulmonary cytology in human medicine has been published recently [12] .
Although there has been much progress in the area of pulmonary cytology in man, little use has been made of pulmonary cytology in animals except for trans-tracheal wash techniques [1, 4, 5] . References to bronchoscopic collection of cytologic specimens in animals are limited [15, 16, 17] ; it has not been widely used in veterinary medicine for several reasons. First, the incidence of spontaneous pulmonary neoplasms is quite low. Second, fiberoptic equipment necessary for adequate collection of cytologic specimens from the deep bronchial tree is expensive and has limited the development of pulmonary cytologic techniques to teaching hospitals and research institutions. Finally, fiberoptic evaluation of the lower respiratory tract is quite difficult in some domestic species.
Nevertheless, fiberoptic and cytologic evaluation of the lower respiratory tract in animals has great relevance as both a diagnostic technique and a research tool. It is the purpose of this paper to: describe and evaluate several methods of collection of cytologic samples from the lower respiratory tract of the dog; and define the normal cytology of the lower respiratory tract of the dog.
Materials and Methods
Nine Beagle dogs between 2 and 8 years old were used in this study. These were colonyraised dogs weighing 7 to II kg and had no history of pulmonary disease.
Bronchoscopy was done under general anesthesia using a gas mixture of I to 2% halothane in oxygen and nitrous oxide. Anesthesia was induced using the same gas mixture and 5% halothane. A 36 to 40 Fr endotracheal tube was placed in the trachea and connected to a Ttube. and the gas mixture was administered (20J. This was continued during the entire procedure in order to maintain proper oxygen status (8J.
A 5.2 mm flexible liberoptic bronchoscope (Olympus Corporation of America. New Hyde Park. New York) was passed through the endotracheal tube into the major airways. The trachea. main right and left bronchus, and the bronchus to each lung lobe were examined visually. Cytologic specimens were collected from the right apical. right cardiac. right diaphragmatic. left apical. left cardiac and left diaphragmatic lobes of each dog.
To collect cytologic specimens. we passed the bronchoscope into a lobe bronchus and passed a bronchial brush through the biopsy port. To collect cells, we passed the brush into a distal airway. rotated it several times, and withdrew the brush to the tip of the bronchoscope. The bronchoscope was withdrawn and the cells agitated free from the brush in 5 ml normal saline in a 10 ml centrifuge tube (181.
The bronchoscope was replaced and advanced to the same bronchus to obtain a biopsy specimen. The bronchial biopsy forceps were passed through the biopsy port and advanced with jaws closed to a distal airway. The jaws were opened and the forceps advanced until against an airway wall. then closed. and the forceps and bronchoscope were removed. The specimen was teased free and washed out of the jaws with saline.
To obtain lobar washings for cell counts. the bronchoscope was advanced to the same bronchus of the lung. This procedure was done at least two weeks after brushing and biopsy to insure that lavage fluid cytology would not be influenced by the other procedures. The bronchoscope was advanced into a smaller airway until wedged. A volume of 50 ml of normal saline at room temperature was introduced through the biopsy port in five 10 ml increments. Aspiration by syringe was performed immediately after the instil\ation ofeach 10 ml increment. A total of 40-45 ml was recovered from all lobes. Total nucleated cell counts on all samples were determined for all bronchial washings from all lung lobes using the Coulter Counter (Coulter Electronics. Inc.. Hialeah. Florida).
Cells in the collected lavage and brushing samples were concentrated by centrifugation at 1000 rpm for 10 minutes. The cellular pellets were resuspended in supernatant lavage fluid to an approximate concentration of 2 x 10 4 nucleated cells/al. Cells were transferred to glass slides by centrifugation at 700 rpm with a Cytocentrifuge (Shandon Southern Instruments Ltd. Canberry. Surrey. England). Centrifugation time for cells to be stained with Wright-Giemsa stain was 5 minutes to allow appropriate time for air drying. Centrifugation time for cells intended for Papanicolaou staining was I minute. at the end of which time the slides were immediately immersed in 95% ethanol without air drying for proper fixation of cells. Routine techniques were followed for Wright-Giemsa and Papanicolaou staining. Differential cell counts were done on all cytocentrifuged lavage samples. Cytology from bronchial brushings and biopsy imprints were evaluated qualitatively. Biopsied tissue was transferred into 10% buffered formalin and processed for routine histologic examination after imprints were made.
Results

Bronchial Washings
Mean total nucleated cell count and mean differential cell count data for Wright-Giemsa stained bronchial washings from the 9 Beagle dogs in this study are summarized in table I. There were no significant differences in mean total cell counts among the six lung lobes. Similarly, differential cell counts from all lobes in all dogs showed no significant differences. Eighty percent or more of all nucleated cells in all washings were alveolar macrophages. Neutrophils accounted for less than 20% of the nucleated cells in any washings from any normal lung lobe. On the average, neutrophils comprised 5% or less of the total nucleated cell count and alveolar macrophages comprised 95% or more. Numbers of lymphocytes, eosinophilic leukocytes and mast cells were more variable than neutrophil numbers. Epithelial cells were less than I% of the total number of nucleated cells recovered.
Morphologically, alveolar macro phages were classified as undifferentiated or differentiated. Undifferentiated alveolar macro phages predominated, accounting for more than 95% of the total macrophage population. Undifferentiated alveolar macrophages were relatively large (10 to 15J1.m), round to oval discrete cells with eccentric round to oval nuclei and abundant granular cytoplasm ( fig. 1-3 ). Nucleoli were observed only rarely. Cytoplasm contained no or only a few vacuoles. The cell surface was usually smooth although occasional pseudopodia were identified. Some undifferentiated alveolar macrophages were binucleated.
Differentiated alveolar macrophages were larger than undifferentiated macrophages and their cytoplasm was more abundant (lower nuclear/cytoplasmic ratio) and stained less intensely ( fig. 2, 3 ). Numerous cytoplasmic vacuoles, some containing debris, were seen frequently. Nuclear chromatin was usually lacier than that seen in undifferentiated macrophages and single nucleoli were more common. Multinucleated macrophages also were seen occasionally ( fig. 4 ).
Neutrophils were well preserved and were morphologically similar to those in peripheral blood ( fig. 5 ). Nuclear hypersegmentation (more than 4 distinct nuclear lobes) was seen occasionally. Cytoplasm was clear to slightly granular.
Eosinophilic leukocytes were identified clearly in Wright-Giemsa stained specimens because of the presence of variably-sized distinct eosinophilic cytoplasmic granules. Granules stained less intensely red and were less distinct in Papanicolaoustained preparations. Eosinophilic leukocytes could be subdivided further on the basis of nuclear morphology ( fig. 5 ). Nuclei of some eosinophilic leukocytes were lobed and the cells therefore resembled the circulating eosinophil of peripheral blood; however, in many eosinophilic leukocytes the nucleus was spherical or ovoid rather than lobed and was eccentrically located. These eosinophilic leukocytes with spherical nuclei were morphologically similar to globule leukocytes which have been described Three established classes of lymphoid cells [7, 10, 19] could be recognized in both Wright-Giemsa stained and Papanicolaou stained preparations. Unstimulated lymphocytes were small round cells measuring approximately 9pm in diameter ( fig. 5 ). Nuclei were round with dense chromatin patterns. A scant rim of poorly stained cytoplasm was present. Unstimulated lymphocytes comprised the vast majority (90% or more) of all lymphoid cells seen. Activated lymphocytes were larger with more abundant, more intensely-stained cytoplasm ( fig. 5 ). Nuclei were eccentric. Occasionally an unstained Golgi region was observed adjacent to the nucleus. Fully differentiated plasma cells ( fig. 5 ) were seen only rarely in bronchial washings. Plasma cells were large cells (15-20 pm) with eccentric round nuclei, clumped chromatin. distinctive unstained perinuclear Golgi zones, and intensely stained cytoplasm.
Mast cells (20-30 pm) were identified only in Wright-Giemsa stained preparations. They were distinguished by the presence of large purple (metachromatic) granules ( fig. 5 ). Nuclear detail was obscured by the cytoplasmic granules, but nuclei were round to oval and centrally located. Since the cytoplasmic granules did not stain with Papanicolaou's stain, mast cells could not be clearly differentiated from alveolar macrophages in Papanicolaou stained specimens.
Airway lining cells were seen infrequently in bronchial washings. Two types of lining cells predominated; ciliated epithelial cells and basal cells. Ciliated epithelial cells were tall to low columnar with basally located hyperchromic nuclei ( fig. 6 ). The outstanding feature of this cell was its prominent brush border. If cytologic specimens were allowed to remain in saline for longer than 20 to 30 minutes after sample collection, the cilia often were lost. The ciliated border stained intensely when well fixed. Basilar epithelial cells usually were found as small plaques or sheets (10 to 15 cells) of tightly adherent round to oval cells with central hyperchromic nuclei and cytoplasm of variable stain affinity ( fig. 7 ). Since the cells were young, nuclear/ cytoplasmic ratio was high.
In addition to cellular components, bronchial washings often contained several other materials. In a number of the washings from normal dogs we have observed densely-stained amorphous concretions ( fig. 8 ). These concretions often had a laminated structure. They were interpreted to be inspissated protein or the endstage of degenerated cells. Although similar concretions have been associated with disease in transtracheal washes from the horse [1], they represented a normal finding in the dog. Another finding was the presence of occasional fungal hyphae ( fig. 9 ).
Bronchial Brushings
Bronchial brushings were less cellular than bronchial washings. The same basic cell populations were seen in bronchial brushings as in bronchial washings; however, the relative proportions of the cell populations were considerably shifted. The predominant cell in bronchial brushings from normal dogs was the ciliated epithelial cell. In some cases, if brushing was vigorous, moderate numbers of basilar epithelial cells also were present. Inflammatory cells of any kind-neutrophils, lymphocytes, eosinophils, alveolar macro phages-were relatively sparse unless hemorrhage had occurred at the site of brushing, in which case numerous red blood cells and inflammatory cells were seen. Fresh hemorrhage of this kind was differentiated from true hemorrhage as a result of pulmonary lesions because fresh hemorrhage did not feature erythrophagocytosis or hemosiderin-laden macrophages.
Impression Cytology of Pinch Biopsies
Imprints made from pinch biopsies were even less cellular than bronchial brushings. As expected, red blood cells were numerous. Histology of biopsies was normal.
Discussion
Fiberoptic bronchoscopy for obtaining pulmonary cells was done in the 9 dogs used in this study. Due to the relatively large diameter of the major airways of the dog, this procedure can be done using equipment standard for the adult human being. For dogs 5 kg or less in size, pediatric equipment would be necessary, and the procedure may be impossible in very small dogs. In the present study, three different specimen collection techniques and two different staining techniques were employed and evaluated. Bronchial washing proved to be the most satisfactory collection technique, primarily because a greater number of cells could be obtained by this method. However, if mural lesions are identified through the bronchoscope, then bronchial brushings and pinch biopsies should be performed.
Wright-Giemsa stain proved to be the stain of choice primarily because mast cells could not be identified, and eosinophilic leukocytes only with difficulty, in Papanicolaou stained specimens. Wright-Giemsa stain also was more convenient since it could be applied to air-dried cytocentrifuged samples, whereas Papanicolaou's stain could be used only with wet-fixed samples. Regardless of the staining technique employed, there appeared to be some degeneration in canine respiratory cells stored in saline for extended periods of time (> 30 minutes). Changes such as loss of cilia and mild nuclear degeneration were seen.
Slides were prepared for staining both by routine centrifugation followed by smear technique and by cytocentrifugation. In general, slides prepared by cytocentrifuge technique were preferred. The concentrations of cells were higher and there was less distortion of delicate ciliated epithelial cells. If Papanicolaou stain was used in conjunction with cytocentrifugation, care was taken to avoid drying of the sample before staining. Drying artifacts seen with the Papanicolaou stain included diffuse reddish discoloration of cytoplasm and loss of nuclear staining detail.
Total cell count data for bronchial washings from different lung lobes were variable and of wide range. There were no significant differences among many nucleated cell counts for different lobes. This lack of significant difference related at least in part to the wide variability in cell counts obtained. Differential cell counts in bronchial washings were more consistent and reliable than total cell counts. Macrophages were the predominant cell seen in normal bronchial washings. Lymphocytes, neutrophils and eosinophilic leukocytes accounted for the majority of other cells seen. Recent studies have suggested that serial lavages on consecutive days may result in increases in neutrophils and eosinophils in bronchial washings [18] . In our study, each lobe was lavaged 5 times to collect the cytologic specimen. It is therefore possible that the lavage technique itself may have affected eosinophilic leukocyte and neutrophil counts.
Of interest in this study was the recognition of two potentially distinct populations of eosinophilic leukocytes in bronchial washings: the circulating eosinophil and the globule leukocyte. The presence of globule leukocytes in canine bronchial washings has not been described previously. The two populations of eosinophilic leukocytes were defined strictly by light microscopic morphologic criteria. In order to establish clearly the existence of the globule leukocytes in canine bronchial washings, additional histochemical and electron microscopic studies will be required. As mentioned previously, globule leukocytes have been recognized histologically and ultrastruc-turally as a component of the canine bronchus [2]. The significance and origin of globule leukocytes remain controversial [13, 14] .
The relative proportions of the cells in samples collected by the three methods were significantly different. Ciliated epithelial cells were the major component of bronchial brushings and imprints of pinch biopsies. In contrast, the predominance of alveolar macrophages in bronchial washings suggests that this technique is preferred for sampling the deep lung. The presence of large numbers of alveolar macrophages in washings from lungs of normal dogs must be considered in evaluating bronchial washings from dogs with pulmonary disease.
The cytologic findings in bronchial washings from normal dogs were similar to the cytologic findings in bronchial washings from normal adult people [12] . The cytology of experimentally-induced respiratory disease in the dog therefore may well serve as an excellent model for predicting the cytologic responses in similar diseases in man. For example. bronchial brushings or biopsies might be used to observe sequential changes occurring in specific areas of the trachea or major bronchi in different experimental systems. Bronchial washings might be used to study the sequential changes occurring in experimentally-induced small airway. alveolar or interstitial disease. In our laboratory, bronchopulmonary lavage cytology has been useful in identifying and characterizing radiation-induced pulmonary neoplasms. The use of bronchopulmonary lavage cytology in the diagnosis of spontaneous cases of pulmonary neoplasms and canine distemper has been described [15] . Cytologic findings in bronchial washings from dogs with other respiratory diseases remain to be documented.
